Open Access Library Journal

Preparation and Characterization of Copper
Oxide Nanoparticles Synthesized via
Chemical Precipitation Method

Ismat Zerin Luna?*, Lutfun Naher Hilary?, A. M. Sarwaruddin Chowdhury?, M. A. Gafur?,
Nuruzzaman Khan?!, Ruhul A. Khan3

1Department of Applied Chemistry and Chemical Engineering, Faculty of Engineering and Technology,
University of Dhaka, Dhaka, Bangladesh

*Pilot Plant and Process Development Center (PP & PDC), Bangladesh Council of Scientific and Industrial
Research, Dhaka, Bangladesh

*Institute of Radiation and Polymer Technology, Bangladesh Atomic Energy Commission, Dhaka, Bangladesh
Email: “ismatzerinluna@gmail.com

Received 6 March 2015; accepted 22 March 2015; published 26 March 2015

Copyright © 2015 by authors and OALib.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Copper oxide nanoparticles (CuO-NPs) were synthesized via chemical precipitation method using
copper (II) chloride dihydrate and sodium hydroxide. Then nanoparticles were characterized by
using X-ray Diffraction (XRD), Scanning Electron Microscope (SEM), Energy Dispersive X-ray (EDX),
and Fourier Transform Infra Red (FTIR) spectroscopy. The XRD patterns and EDX spectra showed
that the prepared CuO-NPs were highly pure, crystalline and nano-sized. The SEM image suggested
that nano particles were spherical and there was a tendency of agglomerations. The nanoparticles
showed interactions between copper and oxygen atoms supported by FTIR studies.
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1. Introduction

Nanotechnology gained much attention for its vital pioneering role in manipulating materials at the atomic and
molecular levels to dramatically alter the product properties. Materials reduced to the nanometric scale display
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significantly different properties compared to what they display at the macroscale or microscales. Because of
their unique properties, nanomaterials are widely used in a variety of applications. Small amounts of nanoparti-
cles can play a vital role in developing the properties of materials. Nanoparticles are becoming more and more
important day by day as they play a beneficial role in a wide variety of scientific fields. In general, the size of a
nanoparticle spans the range between 1 and 60 nm. Nanotechnology comprises the design, construction and
utilization of functional structures with at least one characteristic dimension measured in nanometers. Currently
nanoparticles are widely using in many fields [1]-[9].

The copper oxide nanoparticles (CuO-NPs) possess a wide range of applications. Compared with ordinary
copper oxide powder, the nano particles of copper oxide show superior catalytic activity and selectivity. It has
excellent antimicrobial activity against various bacterial strains [2]. The CuO-NPs are using in removal of dyes
[3], nanoparticulate film fabrications [4], gas sensors [5], semiconductors [6], organic catalysis [7], solar energy
transformation [8], and many more. The CuO-NPs also have an application in heat transfer. Thermal conductiv-
ity of CuO based nanofluid is 12.4% higher in comparison with deionised water [9]. The CuO-CeQO, nanocom-
posite is a highly efficient recyclable catalyst for the green synthesis of 1,8-dioxooctahydroxanthenes in water
[10]. Graphene oxide-supported CuO-NPs are using to make the nanohybrids catalysts [11]. The CuO-NPs can
be synthesized using different methods such as wet chemical method [12], hydrothermal microwave [13], pre-
cipitation pyrolysis [14], electrochemical method [15], and microwave irradiation [16].

The aim of this study was to synthesize nanosized copper oxide powder in an easy and effective method and
to investigate the cryatallite size, crystallinity, shape, microstructure, composition and interactions between the
species of CuO-NPs. In this study, CuO-NPs were synthesized via chemical precipitation method followed by
annealing at temperatures 200°C, 400°C and 600°C.

2. Experimental Details
2.1. Chemical Reagents

Copper (1) chloride dihydrate was collected from Merck, India. Sodium hydroxide pellets were purchased from
Lobha Chemie, India. Analytical reagent grade chemicals were used in the experiment and they were used
without further purification. Distilled water and deionised water were used throughout the experiment for pre-
paring solutions and washing purposes.

2.2. Synthesis

To synthesize CuO-NPs via chemical precipitation method, a standard procedure was followed [17]. During the
synthesis of CuO-NPs, at first 9.0 g of copper (I1) chloride dihydrate and 5.4 g of sodium hydroxide pellet were
dissolved in ethanol separately. The amuont of ethanol used was as minimum as required to dissolve copper (1)
chloride dihydrate and sodium hydroxide separately. Drop wise addition of sodium hydroxide solution to copper
(11) cholride dihydrate solution was carried out with constant stirring at room temperature. The color of the solu-
tion was turned from green to bluish green and finally to black as the reaction proceeded. The black precipitate
was copper hydroxide. The precipitate was filtered by a centrifuge (Eppendorf Refrigerated Centrifuge Model
5702R, Germany). Then washed with ethanol and deionised water to remove the sodium chloride salt solution.
After that, the precipitate was dried at about 50°C in the dryer. The dried sample was annealed at temperatures at
200°C, 400°C and 600°C to obtain crystalline CuO-NPs. Then the annealed sample was grinded to get the pow-
dered nanoparticles. The power sample was used to characterize CuO-NPs. Schematically the chemical reaction
can be represented as: CuCl, + 2NaOH — Cu(OH), + 2NaCl.

2.3. Characterization

The X-ray diffraction (XRD) was carried out to analyze the phase and estimate the crystallite size of the samples
using X-ray diffractometer (XRD, Bruker D8 Advance, Germany) with 0.15405 nm Cu-Ka radiation source in
the 26 range from 20° to 80° (40 KV, 40 mA, step size 0.020, scan rate 0.50 min %). The XRD patterns with dif-
fraction intensity versus 26 were recorded. The surface morphology of the sample was obtained using scanning
electron mocroscopy (JEOL, JSM-7600F, Japan). Energy dispersive X-ray (EDX) analysis was carried out with
JEOL JSM-7600F for composition analysis. The FTIR spectroscopy of the sample was taken in the region be-
tween 500 - 4000 cm* (with Perkin Elmer 1650, USA) on a Thermo-Nicolet Avatar 370 model FTIR in order to
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understand the chemical and structural nature of the CuO-NPs.

3. Results and Discussion
3.1. XRD Patterns

Figure 1 shows the XRD patterns of Cu(OH), complex obtained after drying the precipitate at 50°C and also the
XRD patterns of CuO-NPs annealed at temperatures at 200°C, 400°C and 600°C. The peaks in the XRD patterns
of CuO-NPs were compared with the standard [18].

Figure 2 represents the XRD patterns of CuO-NPs annealed at temperature 600°C along with the standard
tenorite (CuO). This XRD pattern is similar to the monoclinic phase of CuO (tenorite) nanoparticles. The inten-
sities and positions of peaks were in good agreement with that of reported values. The experimental results also
found similar to the reported diffraction patterns of CuO-NPs [19]. Similarly, it was found that the intensities
and positions of peaks in case of CuO-NPs annealed at 200°C and 400°C were in good agreement with the stan-
dard CuO (tenorite).

From Table 1, it was found that the peak intensity for CuO-NPs annealed at 600°C was highest and for
CuO-NPs annealed at 200°C the value was the lowest. It was also observed that with increasing the annealing
temperature, the intensity of the diffraction peaks became sharper and the degree of crystallinity of CuO-NPs
were also increased. At the annealing temperature 200°C, the cryatallization of CuO was incomplete. Further in-
crease in annealing temperature to 600°C leads towards the completeness of crystallization of CuO. Therefore
the degree of crystallinity of CuO-NPs annealed at 600°C was the highest.

From Table 2, it was observed that with increasing annealing temperature the value of full width at half the
maximum intensity, f increases. The values of lattice parameters (a, b, ¢) and full width at half the maximum
intensity, £ for CuO-NPs annealed at 600°C almost matches with that of standard tenorite (CuO). Therefore, the
lattice structure of CuO-NPs annealed at 600°C is almost base-centered monoclinic [18].

From the values (Table 3), it was noticed that with increasing annealing temperature the average crystallite
size of CuO-NPs was increased. With increasing annealing temperature, the atoms in CuO-NPs diffuse across
the boundaries of the particles, fusing the particles together and creating one larger particle. Therefore, the crys-
tallite size of the samples increases with increasing the annealing temperature. Higher annealing temperature led
to larger crystallite size of CuO-NPs, because higher annealing temperature means higher energy given which
results in more oxidation [20].
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Figure 1. XRD patterns of (i) Cu(OH), complex and CuO-NPs annealed at (ii) 200°C, (iii) 400°C and (iv) 600°C.
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Figure 2. XRD patterns of CuO-NPs annealed at temperature 600°C. The vertical lines (|) indicate the position and relative
intensity of 05-0661 JCPDS card file diffraction peaks for the monoclinic phase.

Table 1. Peak intensities and relative peak intensities of the most prominent peaks in the XRD patterns of CuO-NPs an-
nealed at temperature 200°C, 400°C and 600°C.

Samples Peak intensity (counts) Relative peak intensity (%)
CuO-NPs annealed at 200°C 1973 334
CuO-NPs annealed at 400°C 2912 49.3
CuO-NPs annealed at 600°C 5901 100

Table 2. Lattice parameters (a, b, ¢) and full width at half the maximum intensity, g for CuO-NPs annealed at 200°C, 400°C
and 600°C, and standard tenorite (CuO).

Samples a (nm) b (hm) ¢ (nm) AQ)
CuO-NPs annealed at 200°C 0.466789 0.342411 0.511844 99.3485
CuO-NPs annealed at 400°C 0.467401 0.342340 0.512304 99.3890
CuO-NPs annealed at 600°C 0. 468323 0.342244 0.512795 99.5005

Standard tenorite (CuO) 0.468830 0.342290 0.513190 99.5100

Table 3. Average crystallite size of CuO-NPs annealed at temperature 200°C, 400°C and 600°C.

Samples Average crystallite size (nm)
CuO-NPs annealed at 200°C 15.22
CuO-NPs annealed at 400°C 16.44
CuO-NPs annealed at 600°C 32.50

3.2. Scanning Electron Microscopic (SEM) Analysis

Figure 3 represents the SEM image of CuO nanoparticles obtained by annealing at 600°C. The SEM image at
25,000x magnifications was collected. From the SEM image of CuO-NPs, it was observed that the particles are
well-dispersed spherical, accompanying almost well defined and uniform crystalline structure. There was also a
higher tendency of agglomerations. The SEM image supports the formation of regular polyhedron shape for the
CuO-NPs. The island growth of the tightly packed spherical arrangement was clearly observed. In some regions,
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the big nanoparticles were surrounded by smaller nanoparticles. Similar SEM images of CuO-NPs were ob-
served and reported [19].

3.3. Energy Dispersive X-Ray (EDX) Analysis

Figure 4 showed the EDX analysis of CuO-NPs annealed at 600°C. The EDX analysis was carried out CuO-
NPs at 10 keV. Results revealed the presence of copper (Cu) and oxygen (O) elements in CuO-NPs and the data
indicated the nanoparticles were nearly stoichiometric. The weight percent of copper and oxide calculated from
EDX analysis were O: 8.73 weight % (0.525 keV) and Cu: 91.27 weight % (0.804 keV), respectively. There
were no other elemental impurities in the EDX spectra. The EDX result showed the presence of uniform distri-
bution of copper to oxygen with atomic ratio of 1:1 in CuO. This result confirmed the formation of pure
CuO-NPs. The elemental analysis of the sample shows that the prepared sample was copper oxide, which is in
good concord with the results of XRD. Similar results reported elsewhere [9].

3.4. Fourier Transform Infra Red (FTIR) Analysis

Figure 5 showed the FTIR spectra of CuO-NPs annealed at 600°C. The broad absorption peak at around
3445.89 cm * was caused by the adsorbed water molecules. Since the nano crystalline materials possess a high
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Figure 3. SEM image of CuO-NPs annealed at 600°C.
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Figure 4. Energy dispersive X-ray analysis of CuO-NPs annealed at 600°C.
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Figure 5. FTIR spectrum of CuO-NPs annealed at 600°C.

surface to volume ratio, they can absorb moisture. Similar peak at 3434 cm™* in the FTIR spectra of CuO-NPs
are reported [19]. The peak at 2922.21 cm* is due to -C-H bond stretching assigned to alkyl group [21]. The re-
gion between 2700 and 3750 cm* is known as the OH-stretching region [22]. The peaks at 1632.77 may be for
the Cu-O symmetrical stretching [23]. The two infrared absorption peaks reveal the vibrational modes of
CuO-NPs in the range of 500 - 700 cm . The peaks were observed at 533.33 cm * and 585.41 cm ™%, respectively.
The peak at 533.33 cm ™ could be due to stretching of Cu-O, which matches up to the B,, mode [24]. The small
peak shift in the vibrational modes is associated with the corresponding change in the surface area of the pre-
pared CuO-NPs [25]. The peaks at 533.33 cm * and 585.41 cm* indicated the formation of the CuO-NPs. These
two peaks support the presence of monoclinic phase. No other IR active modes are observed in the range of 500
- 700 cm*, which totally rules out the existence of Cu,0. Two peaks at 525 cm *and 580 cm ™ in the FTIR
spectra reported for CuO-NPs which nearly matches with our results [26]. Therefore, the metal-oxygen frequen-
cies observed for CuO-NPs are in close agreement with that of literature values.

4. Conclusion

It can be concluded that the syntheis copper oxide nano particles (CuO-NPs) require no expensive ingredients
and complicated equipments. This method is easy, less time-consuming and flexible. The XRD pattern indicated
cryatalline and monoclinic structure of CuO-NPs. The highest intensity and sharp diffraction peaks with the
largest crystallite size (32.50 nm) were observed for CuO-NPs annealed at 600°C. The SEM image of CuO-NPs
showed that the particles were spherical. The elemental quantification and stoichiometry ratio of CuO-NPs were
confirmed by EDX analysis. The FTIR spectra confirmed the presence of metal-oxygen bond. Accumulation of
all the experiments confirmed the uniformity of synthesized CuO-NPs.
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